
OFFICE OF NAVAL RESEARCH
'N
0Publication

For
N
NContract N00014-90-J- 1148

R&T Code 4132016

Thin Film Single Crystal Growth of a Nonlinear Optical Polymer

Dr. Sukant Tripathy

University of Lowell ,.-. .

One, University Avenue
Lowell, MA 01854

Prepared for Polymer Preprint ACS Meeting B
Boston, Ma

April 1990

Reproduction in whole or in part, is permitted for
any purpose of the United States Government.

This document has been approved for public

release and sale: its Distribution is Unlimited



SECURITY CLASSIFICATION OF THIS PAGE

Form Approved

REPORT DOCUMENTATION PAGE OMBNo. 0704-0188

la. REPORT SECURITY CLASSIFICATION lb. RESTRICTIVE MARKINGS

2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION IAVAILABILITY OF REPORT

Approved for public Release and sale;
2b. DECLASSIFICATION IDOWNGRADING SCHEDULE distribution un limited

4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NuMBER(S)

Techrnical Report No. 14

6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

University of Lowell j (if applicable) Office of Naval Research, Chemistry

6c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)
Department of Chemistry 800 North Quincy Street
One University Avenue Arlington, VA 22217-5000
Lowell, MA 01854

Ba. NAME OF FUNDING I SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable)

ONR NOOO14-90-J-1148

8c. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
800 North Quincy Street PROGRAM PROJECT TASK WORK UNIT
Arlington, VA 22217-5000 ELEMENT NO. NO. NO ACCESSION NO.

11. TITLE (Include Security Classification)

Thin Film Single Crystal Growth of a Nonlinear Optical Polymer

12. PERSONAL AUTHOR(S)
J. Lee, S. Tripathy, 14. Matsuda, S. Okada and 11. Nakanishi

YPE. OFREPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) 15. AGE COUNT
lip TYEcO rErT FROM TO

16. SUPPLEMENTARY NOTATION

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)

FIELD GROUP SUB-GROUP

\t9. ABSTRACT (Continue on reverse if necessary and identify ry block numbe)

Over- the past decade mnacrolnolecu Ies witlI an extended chain geometry and conjugated backbone
electronic structure have been established as novel electronic and optical materials.
This includes photo-, thermo-, solvato- and electro-chromism, large electrical and photo-
conductivities and unique linear and nonlinear optical properties among others.
Polydiacetylenes, a class of a conjugated polymers are considered possible candidate material
for all optical switching and logic applications. In the transparent regime they possess
some of the largest third order nonlinear optical susceptibilities.
In general, it is extremely difficult to grow bulk polymeric single crystals. Polydiace-
tylenes, however, can be grown to a large size in single crystal form. Single crystals of
polydiacetylene can be directly grown from monomer single crystals through solid-state
polymerization by heatf_. JV, or v 2 radiation. This solid-state polymerization of diacetylene
monomer produces a conjugated polymer back bone structure shown in Figure 1.
Polydiacetylenes have large nonresonant ultrafast thjid order nonlinear susceptibilities
which may compete with the inorganic nonlinear optical materials as,+own in Fable 1.

20. DISTRIBUTION IAVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
0- UNCLASSIFIED/UNLIMITED 0- SAME AS RPT. El DTIC USERS

22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Area Code) 22c. OFFICE SYMBOL
Professor Sukant Tripathy 508-458-7116

DO Form 1473, JUN 86 N. Previous editions are obsolete. SECURITY CLASSIFICATION OF THIS PAGE



THIN FILM SINGLE CRYSTAL GROWTH OF strain in the system. If the interface between the
A NONLINEAR OPTICAL POLYMER monomer single crystal and crystal growth cell(quartz

J. Lee and S. Tripathy, Department of Chemistry, plates) is lubricated, strain developed during lattice~LL~andS. ripahyDeprtmnt o Chmisry.contractioii may be released.
University of Lowell, Lowell, MA, 01854, USA cnrcinmyb eesdUniversity, of LOwel, Lowell, MA 01, Uesarh In this paper, modifications to thin film polymerH. Matsuda, S. Okada, and H. Nakanishi, Research igecytlrohtcnqu frpoyTSae
Institute for Polymers and Textiles, 1-1-4 Higashi, single crystal growth technique for poly(PTS) are
Tsukuba, baraki 305, Japan discussed and poly(CPDO) single crystals are grown

from confined solution single crystal growth

INTRODUCTION technique. Growth morphology of poly(CPDO) are
Polydiacetylenes(PDA) have been extensively compared with poly(PTS).

studied and proposed as nonlinear optical material EXPERIMENT
(NLO).01 5) They have large nonresonant ultrafast third Poly(PTS) single crystals were grown using the
order nonlinear susceptibilities(2,6 8) (X31=10-9-1 010 following steps. <1>. Monomer single crystals were
esu). PDAs are available in single crystal form by grown from concentrated solution confined between
solid-state polymerization (topochemical polymeri- two optically flat quartz plates.t 1) <2>. Monomer
zation) in the diacetylene monomer single crystal by crystals were floated off from the plates and placed
UV, y-ray radiation or heat. Solid-state polymeri- on plates lubricated by a mineral oil(Nujol). <3>. The
zation produces a conjugated polymer structure(9 ), monomer crystal was covered with another lubricated
leading to large third order nonlinearity. Side group plate and pressure was applied to the plate/monomer
with high t electron density directly bound to the crystal/plate assembly to prevent the crystals from
backbone has been proposed to increase nonlinear bending or coiling during polymerization. <4>. Poly-
susceptibilities.1 0 )  1-(N-carbazolyl)-pental,3-diyne- merization was initiated by UV irradiation for a short
5-ol,CPDO, has a carbazole group directly attached to time and completed by thermal polymerization in
the diacetylene stem. 0o) water bath at 70-801 C for 2-5 hours.

Third order nonlinearity is inversely proportional Monomer CPDO single crystals were grown by the
to a high power in the band gap energy, Eg, that is, a same technique and polymerization was carried out
small reduction in Eg can lead to a significantly larger without using any lubricants.

.x(3 ) value. It is reported(' 0 ) that the band gap energy of RESULTS AND DISCUSSION
poly(CPDO) is 1.6 eV compared to 2.1 eV for poly(PTS). PTS monomer crystals are grown as thin film

Third order nonlinear susceptibilities of several single crystals(thickness less than a micron) as
polydliacetylenes are shown in Table 1. shown in Fig. 1. The monomer single crystals poly-

merized using lubrication results in few or no cracks.
Table 1. Third order nonlinear susceptibilities( 1' A further advantage of this growth technique is thatthe polymer single crystals may be easily removed asthickness x(3) X 1010 (esu) free standing film. Fig. la and lb are transmission
polymer (Plm) pumping wavelength(p.m) optical micrographs with different incident polari-

1.83 1.94 2.10 zation. The chains are oriented along the long axis of
-.. ..... ... ....- -.. ... ----- --- ---- --- --- -. the crystal.
poly(PTS) 0.90 2.3 0.91 0.40 While PTS grows in a platelet morphology, CPDO
poly(BTFP) 0.27 6.4 3.2 2.0 crystals are grown with ribbonlike morphology.
ploy(DFMP) 1.09 0.80 0.69 0.56 Crystals with width of - 1 mm and several centimeter
--...-----.---.....--...------------------ of length are easily grown. Fig. 2 and 3 are trans-

mission optical micrographs of a section of a CPDOThin film single crystals of diacetylenes have ribbon magnified a few times. Again excellent chain
been grown from solution and melt by confining the alignment is easily seen. In this preliminary experi-
liquid in a growth cell and subsequently allowing the ment no lubricants were used and yet polymerization
melt to cool or solvent to evaporate. (12l PTS monomer does not lead to cracks. Upon polymerization there is a
crystals have been extensively studied in the authors' sight expansion of the CPDO lattice. The lattice
and other laboratories. However. many cracks were volume expands from 1280.4 to 1296 A3.00 )

observed during the solid-state polymerization of The polymerized CPDO sample appears dark grey.
poly(PTS), which is due to a decrease in the volume of The absorption edge is significantly red shifted
the unit cel; during polymerization and resulting compared to PTS. Fig. 3 shows a single fiber of CPDO



polymer that is many centimeters long. Propagation
experiments through this fiber are presently
,jnderway.

CONCLUSIONS
Poly(PTS) single crystal is grown as thin film

without cracks by applying a lubricant at the
rterface between the monomer crystal and the quartz

plates. Poly(PTS) single crystals grown from this
.nethod are several mm wide and over a centimeter
Ong.

Poly(CPDO) single crystal with a few mm width
and several centimeter length can be grown from
solution confined between two plates. Poly(CPDO)
crystal is grown to a fiber-like morphology which may
De best for waveguide application. CPDO crystals Fig. 3. Micrograph of a section of poly(CPDO) single
grown by this method show few or no cracks even fiber crystal.
when no lubricant is used. Optical and spectroscopic
Droperties of these systems will be presented and REFERENCES
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